selectively the action of nicotine as well as nornicotine in vitro.
The present experiment was aimed to elucidate the antagonistic mechanism be tween thiamine and nicotine, and also to investigate the structure-activity relationship of various thiamine related compounds.
METHODS I. Experiments on excised organs
a) The guinea pig's excised intestine
The small intestine of a guinea pig bled to death by a cut of bilateral common carotid arteries was immediately excised and suspended in a bath containing 20 ml of aerated Tyrode solution following Magnus' method at 30±0.5°C. The values of PA, of thiamine and various agents, proposed by Lockett et al. (14) , for nicotine, nornicotine, histamine and acetylcholine were evaluated. Changes in nicotine concentration standard curves following addition of thiamine were observed.
b) The rabbit's ear Krawkow-Pissemski's perfusion method was employed with Locke solution as a perfusate and the perfuse volume was measured by dropmeter.
c) The excised toad's sinoauricle
The excised toad's sinoauricle preparation following the description by Fukuhara (15) was used.
II. Peripheral effects of thiamine a) Effects on blood pressure in dogs
Adult dogs weighing about 8 kg were anesthitized with pentobarbital sodium and their arterial blood pressure from the unilateral common carotid artery was recorded on kymograph via mercury manometer.
b) Effects on the contraction of the nictitating membrane in cats Effects of thiamine on the nictitating membrane of pentobarbital sodium anesthe tized cats weighing about 3 kg were observed. c) Effects on nicotine-induced hyperglycaemia Adult rabbits and dogs, weighing 2 to 3 kg and 7 to 13 kg respectively were used after a 20 hour fasting. The peripheral blood was taken from the auricular vein of unanesthetized rabbits and the femoral vein of pentobarbital sodium anesthetized dogs, respectively. The blood sugar was estimated on Somogyi's method.
III. Effects of thiamine on mortality and convulsion induced by nicotine
Mature dd strain mice, 12-18 g in weight, of both sexes were used. LDSO, which were calculated from the observed percentage mortality following Litchfield-Wilcoxon's method, were compared.
The experimental effects of thiamine which had been subcutaneously preadminis tered on convulsions due to electroshock and chemoshock were also observed in albino rats and mice.
IV. Effects of thiamine on antidiuretic actions
Experimental conditions for the antidiuretic effect of smoking in human beings were as follows : There were tested young adult volunteers, whose initial morning urine was discarded and subsequent urine samples were taken continuously in a volume of 15-30 ml at intervals of 15 minutes. They were to drink 600 ml of water within 5 minutes intervals. Five minutes after they urinated a volume over 50 ml, they were to smoke within two minutes a cigarette (Japanese "Peace" brand) from seven to three centimeters in length. In other experiments, intravenous injection of 100 mU of a pituitary posterior hormone, Atonin (Nippon Zoki Ltd.), instead of smoking was like wise given 5 minutes after the urine volume reached over 50 ml. Thiamine was also injected intravenously at dosages of 50, 100 and 200 mg immediately after the urine volume reached over 50 ml.
V. Effects of thiamine related compounds on nicotine-induced contractions of the excised small intestine Following Magnus' method, experiments were performed on the excised rabbit and guinea pig intestines as mentioned in I. The compounds tested were added to a bath containing 20 ml of aerated Tyrode solution two minutes before the addition of 10 ag of nicotine. An attempt was made to pursue the specificity of the antinicotine action of thiamine in reference to the mode of action .
The nicotine concentration standard curve was observed to shift to the right side in parallel with the original curve following a pretreatment with graded doses of thiamine (Fig. 1) . As a result , the standard curve of nicotine concentration following administration of thiamine showed the so-called competitive antagonism .
The values of PA, of several pharmacologically related compounds for nicotine , nor nicotine. histamine and acetylcholine in excised guinea pig's intestines were evaluated (Table 1) . That is, thiamine showed the largest value for nicotine revealing a similarity to nornicotine of which pharmacological action was already reported by Kitamura Excised guinea pig intestine used following Magnus' method at 30°C. The above agents administered 2 minutes before administration of nornicotine , nicotine, hi stamine and acetylcholine respectively.
b) The rabbit's ear Rabbit ear vessels were markedly contracted following administration of nicotine. c) The excised toad's sinoauricle Administration of 20 ,ug of nicotine showed a marked decrease in the amplitude of contraction followed by a slight increase.
It was concluded that the antinicotine action of thiamine was not attributable to a mere chemical antagonistic factor considering a wide ranged variation of antago nistic ratio of thiamine against nicotine which was observed depending upon the kind of excised organs used ( Table 2) . II. Peripheral effects of thiamine As was anticipated from the experiments of the excised small intestine above mentioned, one of the sites of peripheral actions of thiamine appeared to be in the ganglion. Further studies were also made to clarify the site of action of thiamine and the antagonistic site of thiamine against nicotine in vivo. a) Effects on blood pressure in dogs A decrease of blood pressure was observed following administration of more than 5 mg/kg of thiamine, although the grade of the decrease varied individually.
The pressor effect of nicotine was obviously inhibited by the pretreatment of thiamine. On the other hand, the pressor effect of 1-2,ug/kg of epinephrine was not influenced following a pretreatment with 10 mg/kg of thiamine, but that of the oc clusion of bilateral common carotid arteries was markedly inhibited (Fig. 2) . The depressor effect of 1-2,"g/kg of acetylcholine was never inhibited, but was apparently accelerated following a pretreatment with 10 mg/kg of thiamine, but the depressor effect due to stimulation of the peripheral vagal nerve was markedly inhibited ( (Table 3a) . The hyperglycaemic action of nicotine was inhibited by such drugs as phenobarbital, hexamethonium and dibenamine, but not by urethan (Table 3b) (Table 6 ). Also, the symptoms caused by injection of nicotine, such as, tremor, apnea, were markedly improved, but paralytic symptoms (Table 7) , but showed no influences on the antidiuretic action due to 100 mU of Atonin which was an extract of the posterior lobe of pituitary (Table 8 , Fig. 9 ). V. Effects of thiamine related com pounds on nicotine-induced contrac tion of the excised small intestine The relative potency of thia mine related compounds on the in hibition of the contraction induced by 5 mg/20 ml of nicotine was sum marized in Table 9 . The molar concentration of each compound, which was equivalent to the poten cy of 5 mg/20 ml of thiamine was expressed in the parenthesized figures and the degree of anti nicotine action in the same con centration was shown as follows :
Complete antagonism*; moderate antagonism + ; no antagonism -. Among these compounds tested, The antinicotine action of other water soluble vitamins was not demonst rated (Table 10 ). 
DISCUSSION
Clark has already classified the drug antagonism into three forms : chemical, physiological and specific (18) . Because of the lack of a definite conclusion from the author's department (8, 9) or Pick's previous works (13 , 19-21) , in establishing that the antagonism between nicotine and thiamine is not of chemical origin, the present experimentation was performed to confirm whether the antagonism is chemical , using a previously mixed solution containing various doses of nicotine and thiamine in several kinds of excised organs. As indicated in the results in which the ratio of a thiamine dose sufficient to antagonize a nicotine dose was extremely different depending upon the organ employed, it is concluded that the antinicotine action of thiamine is . not merely referable to a simple chemical antagonism, but a biological one which is related to a drug receptor. On the basis of the study of PA, values of several pharmacolo gically related compounds for nicotine and the study of variations of nicotine con centration activity curve by thiamine, it is strongly supported to assume that the anti nicotine action of thiamine is involved in the competition in the receptor site.
The finding that thiamine predominatingly antagonizes nicotine rather than acetyl choline and histamine in the excised guinea pig's small intestine will suggest that one of the main acting sites of thiamine seems to be in the ganglion.
In the experiment on blood pressure in dogs thiamine clearly showed a depressor action at a single dose. Thiamine showed no influences on the pressor action due to epinephrine, but the pressor effect due to the electric stimuli of the peripheral vagal nerve was found responsive to thiamine. In the present study concerning the nictitat ing membrane of cats, thiamine definitely inhibited the contraction induced by electric stimuli of presynaptic fibers of the cervical sympathetic nerve, in accordance with the report by Mazzella et al. (22), but showed no marked effect on the contraction due to epinephrine.
From these results, it is concluded that thiamine has a decisive ganglion blocking action and that a main antagonistic site in the peripheral region is the nervous ganglion.
Although Haley et al. (23, 24) already demonstrated referring to Pick's results that the depressor action induced by thiamine administered intravenously in rabbits was probably due to a paralysis of the postganglionic fiber ending on the blood vessel wall itself. It seems safe to emphasize that the mechanism of this depressor action by thiamine was mainly attributable to the ganglion blocking action. That shock like symptom evoked by thiamine with a dose usually employed is sometimes 'observed in clinic may prove an importance of the ganglion blocking action of thiamine.
It has been observed that thiamine inhibits only convulsions induced by nicotine, but not by strychnine, picrotoxin, pentylenetetrazol and electroshock. Also LD50 of nicotine due to thiamine was found to increase, although such increase by thiamine was not so intensive as pointed out by one of the present author's collegues (11).
Laurence et al. (25) reported that a selective inhibition of nicotine convulsions by hexamethonium and pentamethonium in mice and rats was not due to an antagonism in the central nervous system, but due to an inhibition of epinephrine release which was induced by nicotine from the adrenal medulla.
Referring to the present experi mental results with nicotine induced hyperglycaemia, it dose not seem that the anta gonism between nicotine and thiamine is solely attributable to the inhibition of a release of epinephrine.
In order to further pursue the antinicotine action of thiamine in the central nervous system, studies were made of the effects of thiamine on the anti diuretic action which is regarded as one of the central action of nicotine. The antagonism between nicotine and thiamine dealt with in this paper, being also discussed in the author's other report (11) , is by no means referrable to the action of thiamine as a vitamin.
However, the recent development of vitamin treatment with a large dose, may be useful in abbreviating various harmful conditions induced by smoking, considering a pharmacological antagonism between nicotine and thiamine.
SUMMARY
In a serial study on nicotine metabolism and its detoxication, thiamine proved to be antagonistic to nicotine in various organs in vitro and this antagonism was stronger than one of acetylcholine or histamine suggesting that one of the principal sites of action of thiamine is located in the nervous ganglion. From activity-concentration curves, this antagonism appeared to be a so-called competitive one being more typical than those of hexamethonium and TEA. Thiamine has a vasodepressing action in dogs, being associated with no adrenergic action, but it is antagonistic to the pressor effect induced by nicotine or by bilateral occlusion of the common carotid arteries.
Thiamine inhibits depressor responses to presynaptic vagal stimulation due to electric stimuli. These findings and those obtained from experimets on the cat's nictitating membrane may illustrate a ganglion blocking effect of thiamine. It is assumed that thiamine improves hyperglycaemia which is represented by the release of epinephrine which was caused in rabbits following administration of nicotine.
Antidiuresis by cigarette smoking was significantly inhibited by thiamine in man while it exerted no influence on the antidiuresis induced by a pituitarly posterior lobe extract, suggesting that a nicotine antagonism by thiamine is connected with the hypothalamo-posterior pituitary system.
Among the related compounds of thiamine, thiazole derivatives containing an amino group at "2" and/or phenyl group at other than "2" elicited an augmentation in antagonistic activity to nicotine.
